A novel polymeric zinc (II) complex of quinine, [chlorosulphato (2-ethenyl)-4-azabicyclo [2.2.2]oct-5-ylium-(6-methoxyquinolin-4-yl) methanol zinc (II)] has been synthesized and characterized. However, theoretical studies on the geometries, thermodynamic parameters, vibrational frequencies, geometric parameters, dipole moments, and band gaps of the complex were carried out. All these properties were obtained using the AM1, PM3 and DFT methods. Comparisons were made on the calculated bond distances, bond angles, dihedral and vibrational frequencies with the experimental data and it compared favourably well.
INTRODUCTION
Computational chemistry is a useful way to investigate materials that are too difficult to find or too expensive to purchase. It also helps chemists make predictions before running the actual experiments so that they can be better prepared for making observations [1] . Molecular modeling is an aspect of computational chemistry. A particular molecular system can be modeled with the hope that it could be synthesized in the laboratory, especially for species that are too difficult, dangerous, impossible or too expensive to carry out experimentally. Molecular modeling is a quite accurate method in accounting for properties like geometric and electronic structures, frequencies, chemical shifts, bond distances and bond angles [2] . Semi -empirical calculations were carried out on orotic acid mixed with zinc (II) dihydrate acetate in a neutral medium and it was observed that the calculated result agree well with the experimental result [3] . Also, Semi-empirical calculation were carried out on novel aminopyridino -1-4-Ƞ-cyclohexa-1,3-diene iron tricarbonyl complexes, it was observed from the calculations that the complex is thermodynamically stable [4] . This paper reveals calculated results relative to the experimental results that were carried out on the molecule [5] (figure1). The complex was modeled using Spartan´10 and theoretical calculations were carried out on the optimized geometries using Semiempirical AM1, PM3 and DFT methods. The results were compared with each other and conclusion was made as to which of the methods compares favourably well with experimental data.
Computational Methodology: The complex was modeled using Spartan´10. Semi-empirical and DFT molecular calculations were carried out on the complex. The structure was fully optimized. Thermodynamic properties, vibrational frequencies, dipole moments, E HOMO, E LUMO, band gaps, heats of formation, and polarizabilities were carried out using these methods .
Fig. 2:
The structure of the complex before optimization
RESULTS AND DISCUSSION
Geometric parameters: Calculations were carried out on the structure with the lowest energy values; this was obtained using conformer distribution calculation with MMFF aq [6] . Geometric parameters were obtained after optimization using AM1, PM3 and DFT (6-31G*and 6-31G**). The bond distances, bond angles and dihedrals were measured compared with the experimental results (table 1). It was observed that PM3 result is closer to experimental result than AM1 but both could not account for the stability of the complex. The stability was accounted for using DFT with 6-31G*and 6-31G**. For instance the bond length between Zn 1 -Cl 2 in the experimental result is 2.505 while in theoretical calculation, it is 2.093 (AMI), 2.285 (PM3), and 2.178 in DFT with 6-31G* and 6-31G** respectively, between Zn 1 -O 2, experimental result is 1.982 and in theoretical, it is 1.941 (AMI), 1.876 (PM3) and 1.975, 1.976 in DFT with 6-31G* and 6-31G** respectively. Also, between Zn 1 -N 1 , the experimental result is 2.053 while in theoretical calculation it is 2.238 (AM1), 1.927 (PM3) and 2.162, 2.160 in DFT with 6-31G* and 6-31G** respectively. The corresponding bond angles and dihedrals around the metal were also calculated as shown in tables 1, 2 and 3 and it was observed that the theoretical data compares well with the experimental data.
Electronic properties:
The electronic structure of a crystal is described by its band structure [7] . This is obtained from the HOMO-LUMO calculations. The HOMO-LUMO band gap for this complex was calculated using AM1, PM3 and DFT (6-31G* and 6-31G**). The trend was that AMI >DFT6-31G**> PM3>DFT6-31G*. This shows that AM1 with band gap +8.03 predict the electronic properties of the complex better compare with other methods. Dipole moments was also calculated and the trend was PM3>DFT6-31G**>6-31G*>AM1 as reported in table 4.
Thermodynamic properties and stabilities: For complexes to be thermodynamically stable, it is expected that ∆G and ∆H are negative. The more negative ∆G and ∆H are and the more positive ∆S is, the more stable the complex becomes. This paper with negative ∆G, ∆H and positive ∆S values as obtained from DFT calculations with 6-31G* and 6-31G** basis set better predicts the stability of the polymeric Zinc (II) complex as shown in the thermodynamic properties in (table 7) and 13 C NMR spectra is also shown in figure e, f and g. The optimized geometries, dipole moments, geometric parameters, thermodynamic parameters and vibrational frequencies were investigated. Computational method has presented us the opportunity to take a critical look at this novel polymeric complex to produce results which compared favourably well with experimental data. It has also given us the opportunity to compute results on the properties that cannot be obtained in laboratory experiments.
